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Summary
Objectives:  The  2009  pandemic  inﬂuenza  A  (H1N1)  virus  is  a  public  health  challenge.
Notably,  laboratory-conﬁrmed  cases  do  not  represent  the  age  group  most  susceptible
to  infection.  To  characterize  the  age  distribution  of  all  cases  of  H1N1  inﬂuenza,  we
studied  the  personal  contacts  of  conﬁrmed  cases  to  identify  the  age  group  at  the
highest  risk.
Methods:  We  investigated  the  family  members  of  162  laboratory-conﬁrmed  cases  of
2009  H1N1  in  Yazd,  Iran.  Family  members  were  retrospectively  asked  whether  they
had  ≥2  respiratory  symptoms  within  7  days  of  the  last  contact  with  the  associated
index  cases.  The  ages  and  symptoms  of  the  patients  as  well  as  the  interval  between
diagnosis  and  the  onset  of  symptoms  among  household  contacts  were  determined
using  a  questionnaire.
Results:  We  identiﬁed  596  family  members  of  index  cases,  83  (13.9%)  of  whom  devel-
oped  acute  respiratory  illness.  No  acute  respiratory  illness  was  found  in  104  families
(64%);  however,  there  were  2  cases  in  15  families  (9.3%)  and  ≥3  cases  in  4  families
(24%).  Household  contacts  from  5  to  18  years  old  were  more  susceptible  to  acute  res-
piratory  illness  than  those  who  were  ≥51  years  old  (RR  =  3.174,  95%  CI  1.313—7.675
P-value  =  0.01).
Conclusion:  Individuals  ≤18  years  old  were  most  susceptible  to  infection  by  the  H1N1
virus.  Therefore,  in  low-income  populations,  prevention  of  the  spread  of  H1N1  to
this  age  group  should  be  emphasized.
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urned to  represent  a  new  challenge  for  health
are providers  [1].  Globally,  based  on  documented
ases, it  caused  18,000  deaths  prior  to  May  30,
 Sciences. Published by Elsevier Ltd. All rights reserved.
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2010  [2].  Although  the  risk  of  household  contact-
mediated transmission  of  2009  inﬂuenza  A  (H1N1)
during  the  recent  pandemic  was  evaluated  in  recent
studies  [3—7],  more  studies  are  necessary  due  to
the variable  quality  of  domestic  facilities  in  differ-
ent countries.  Children  and  young  adults  seem  to
be affected  more  frequently,  and  individuals  older
than 60  years  are  infected  less  frequently.  The  data
on the  rate  of  secondary  attack  are  controversial
[8]. To  our  knowledge,  no  study  has  examined  the
infectivity  rate  of  2009  inﬂuenza  A  (HINI)  in  Iran  to
date. Due  to  limitations  in  terms  of  the  diagnos-
tic reagents  available,  laboratory-conﬁrmed  cases
likely represent  a  biased  sample,  with  cases  at  the
beginning  of  the  outbreak  and  cases  that  are  more
severe  being  over  represented.  We  conducted  a
survey regarding  the  intra-familial  contacts  of  doc-
umented cases  to  identify  the  age  group  at  highest
risk; this  age  group  should  be  targeted  in  future
interventions.
Materials and methods
This  study,  which  was  of  the  form  of  a retrospective
descriptive-analytic  cross-sectional  investigation,
was conducted  in  Yazd  city,  which  has  a  population
of 566,152.
Study population
Between  April  21,  2009  and  March  26,  2010,  we
enrolled  all  family  members  of  conﬁrmed  2009  A
(H1N1) inﬂuenza  cases  in  Yazd  in  the  study.
Information  was  gathered  up  to  3  months  after
the conﬁrmation  of  index  cases.  The  secondary
attack rate  was  deﬁned  as  the  proportion  of  house-
hold contacts  for  which  the  onset  of  symptoms
occurred within  7  days  before  or  within  7 days  after
the onset  of  symptoms  in  the  index  case  [4].  Acute
respiratory  illness  was  deﬁned  as  at  least  2  of
the following  symptoms:  fever  or  feverish  sensa-
tion, cough,  sore  throat  and  rhinorrhea.  An  intern
surveyed  all  family  members  of  conﬁrmed  2009
A (H1N1)  cases  who  were  registered  at  the  Yazd
district  health  center  by  telephone.  Cases  were
conﬁrmed  by  the  I.R.  Iran’s  Ministry  of  Health.
When no  response  was  received  from  a  given  family,
they were  contacted  repeatedly.  We  interviewed
parents instead  of  their  children.  Information  was
gathered from  index  cases  via  a  questionnaire
comprising  the  following  parameters:  age,  gender,
symptoms  (fever,  or  feverish  sensation,  cough,  rhin-
orrhea, sore  throat,  diarrhea  or  vomiting),  hospital
history  or  ICU  admission,  underlying  condition  and
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 history  of  taking  oseltamivir  or  zanamivir. The
uestionnaire  included  questions  about  the  fam-
ly contacts  regarding  the  interval  between  the
ppearance  of  symptoms  in  the  index  case  and
n the  family  member(s),  age,  gender,  symptoms
cough, fever,  sore  throat,  diarrhea,  vomiting,  rhin-
rrhea, myalgia  and  headache)  occurring  in  a period
eginning  from  7  days  prior  to  conﬁrmation  of  the
ndex case  and  ending  7  days  after  conﬁrmation.  We
elected those  household  individuals  who  became
ll up  to  7  days  after  the  index  cases  and  analyzed
hem separately.  The  Yazd  health  center  did  not
lan to  perform  RT-PCR  on  all  contact  cases.  How-
ver, one  family  was  tested  at  the  beginning  of  the
pidemic.  Four  (80%)  out  of  ﬁve  family  members
ad laboratory-conﬁrmed  cases  of  infection  with
he 2009  H1N1  virus.
This  study  resulted  from  a  thesis  approved  by  the
thical board  of  the  Shahid  Sadoughi  Medical  Uni-
ersity. Participants  were  informed  that  they  were
oing to  be  involved  in  a  telephone  survey.  The  data
ere processed  using  SPSS  and  analyzed  with  chi-
quare and  Fisher  exact  tests.  P  values  of  0.05  were
onsidered  signiﬁcant.
heory
mmune  status  varies  among  individuals  in  differ-
nt communities.  Therefore,  a survey  of  the  close
ontacts  of  patients  may  more  precisely  reveal  the
ge groups  that  have  the  highest  risk  of  contracting
nﬂuenza. Because  resources  in  developing  coun-
ries are  limited,  prophylactic  measures  can  be
ocused on  these  age  groups.
esults
ne  hundred  and  eighty-one  conﬁrmed  H1N1  cases
ere registered  at  the  Yazd  district  health  center
rom the  beginning  of  the  epidemic  (April  21,  2009)
ntil March  26,  2010  (Fig.  1).  Telephone  interviews
ed to  the  selection  of  162  (89.5%)  cases.  Within  the
62 households,  we  identiﬁed  596  exposed  family
embers,  which  included  all  of  the  family  members
n contact  with  the  index  cases.
onﬁrmed 2009 inﬂuenza A (H1N1) cases
he  mean  age  of  patients  was  32.76  ±  23.8
1—89) years;  88  patients  (54%)  were  male;  the  age
roup most  commonly  affected  was  19—50  years
ld (38%).  Ninety-seven  (60%)  of  the  patients  were
dmitted  to  the  hospital,  and  33  (31%)  of  the
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iFigure  1  Distribution  of  pandemic  H1N
ospitalized  patients  were  admitted  to  the  ICU.  The
ortality rate  was  11.7%  (19  cases).  The  symptoms
f the  conﬁrmed  cases  are  presented  in  Table  1.
Among the  596  family  members  exposed  to  the
onﬁrmed  cases,  286  (48%)  were  male  and  310  (52%)
ere female.  Their  mean  age  was  31  ±  17.94  years
3 months  to  83  years).  The  mean  number  of  indi-
iduals in  contact  with  each  conﬁrmed  case  was
.7.
No acute  respiratory  illness  was  found  in  104
amilies (64.2%).  One  case  per  family  was  found
n 39  families  (24.1%),  two  cases  per  family  were
ound  in  15  families  (9.3%),  three  cases  per  fam-
ly were  found  in  two  families  (1.2%),  and  four
ases per  family  were  found  in  another  two  families
1.2%).  In  total,  there  were  83  cases  in  58  families
out of  162  families  of  conﬁrmed  cases).
Individuals  aged  5—18  years  old  in  household
ontact with  conﬁrmed  cases  were  more  likely
o report  an  illness  than  household  contacts  of
51 years  old  (RR  =  3.174,  95%  CI  1.313—7.675
 =  0.01)  (Tables  2  and  3).
Being  1  year  younger  increased  the  susceptibil-
ty to  acute  respiratory  illness  by  1.02-fold.  The
a
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Table  1  Clinical  ﬁndings  of  conﬁrmed  H1N1  cases  accordin
Clinical  ﬁndings
No.  (%)
Total
162
<2  years
3
2—4  years
4
Fever 151(93)  2(66)  4(100)  
Cough 114(70)  2(66)  3(75)  
Sore  throat 48(29)  0(0)  1(25)  
Rhinorrhea  39(24)  1(33)  1(25)  
Vomiting  33(20)  0(0)  1(25)  
Diarrhea 15(9)  0(0)  1(25)  09—2010  inﬂuenza  virus  in  Yazd,  Iran.
isk  susceptibility  decreased  by  0.731  from  one  age
roup to  the  next  older  group  (95%  CI  0.568—0.958).
The symptoms  of  the  household  contacts  are  pre-
ented  in  Tables  2  and  3.  Acute  respiratory  illness
as observed  in  83  family  members  of  conﬁrmed
ases (13.9%).  After  omitting  previous  infections
nd infections  that  occurred  concomitantly  with
he infections  of  the  index  cases,  68  family  mem-
ers of  conﬁrmed  cases  with  acute  respiratory
llness (11.8%)  were  identiﬁed.
The interval  between  the  onset  of  symptoms  in
onﬁrmed  cases  and  symptom  onset  in  their  family
ontacts  varied  from  no  delay  (symptoms  started
n the  same  day)  to  15  days;  the  mean  interval  was
.69 ±  3.61  days.  In  50%  of  secondary  cases,  symp-
oms occurred  within  4  days.
There  was  a statistically  signiﬁcant  association
etween age  and  the  frequency  of  acute  respiratory
llness (Table  2)  (P-value  0.021).
There were  no  differences  between  women
nd men  with  respect  to  the  likelihood  of  con-
racting acute  respiratory  illness  (P  =  0.36).  Sore
hroat and  rhinorrhea  were  more  common  among
econdary  (household  contact)  cases,  whereas
g  to  age  group.
5—18  years
49
19—50  years
63
≥51  years
43
P-value
49(100)  57(90)  39(90)  0.035
33(67)  48(76)  28(43)  0.75
21(43)  23(36)  5(12)  0.016
14(28)  16(25)  7(16)  0.81
14(28)  12(19)  6(14)  0.61
5(10)  6(9)  3(7)  0.88
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Table  2  Clinical  ﬁndings  of  household  contacts  of  conﬁrmed  H1N1  cases  according  to  age  group.
Clinical  ﬁndings
No.  (%)
Total
N =  596
<2  years
N  =  13
2—4 years
N  =  14
5—18 years
N  = 123
19—50  years
N =  356
≥51 years
N =  86
P-value
Fever  75(12)  1(7)  4(22)  22(17)  40(11)  8(9)  0.079
Cough  64(11)  1(7)  3(17)  23(19)  33(9)  4(5)  0.107
Sore  throat  48(8)  0(0)  0(0)  15(12)  28(8)  5(6)  0.024
Rhinorrhea  42(7)  1(7)  4(22)  15(12)  20(6)  5(6)  0.002
Vomiting  7(1)  0(0)  0(0)  3(2)  2(0.5)  1(1.16)  0.33
Diarrhea  3(0.5)  0(0)  1(5)  2(1.6)  1(0.2)  0(0)  0.30
Acute  respiratory
illness  in  contacts
83(13.5)  1(7.7)  4(22.2)  27(22)  44(12.4)  7(8.1)  0.024
Relative  risk  (95%  CI)  0.940(0.106—8.332)  3.224(0.833—12.483)  3.174(1.313—7.675)  1.562(0.691—3.668)  1
P-value  for  relative
risk
0.956  0.09  0.01  0.275
Table  3  Clinical  ﬁndings  of  household  contacts  of  conﬁrmed  H1N1  cases  occurring  after  index  cases  according  to  age  group.
Clinical  ﬁndings
No.  (%)
Total
575
<2  years
13
2—4  years
18
5—18  years
117
19—50  years
344
≥51 years
83
P-value0.73
Fever 68(11.84)  1(7.7)  4(22)  20(17.09)  36(10.47)  7(0.84)  0.151
Cough 58(10.8)  1(7.7)  3(16.6)  19(16.2)  31(9)  4(4.8)  0.065
Sore  throat 38(6.6)  0(0)  0(0)  12(10.25)  22(6.4)  4(4.8)  0.270
Rhinorrhea 35(6.08)  1(7.7)  4(22)  14(12)  15(4.3)  4(4.8)  0.002
Vomiting 6(1.04)  0(0)  1(5.5)  2(1.7)  2(0.6)  1(1.2)  0.170
Diarrhea 4(0.69)  0(0)  0(0)  2(1.7)  2(0.6)  0(0)  0.448
Acute  respiratory
illness  in  contacts
68(11.84)  1(7.7)  4(22)  21(18)  36(10.4)  6(7.22)  0.073
Relative  risk  (95%  CI) 1.069(0.118—9.677) 3.667(0.916—14.683) 2.807(1.080—7.299) 1.500(0.610—3.688) 1
P-value  for  relative
risk
0.641  0.165  0.022  0.217
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Table  4  Frequency  of  clinical  ﬁndings  in  conﬁrmed  cases  versus  household  contact  cases.
Clinical  ﬁndingsNo.  (%)  Conﬁrmed  cases
N  =  162
Household
contacts
N =  83
P-value
Fever  151(93.2)  75(90.4)  0.43
Cough 114(70.4)  64(17.1)  0.26
Sore  throat 48(29.6)  48(57.8)  0.001
Rhinorrhea 38(23.5)  42(50.6)  0.001
Vomiting 32(19.9)  7(8.5)  0.022
Diarrhea  15(9.3)  3(3.7)  0.109
Table  5  Frequency  of  clinical  ﬁndings  in  conﬁrmed  cases  versus  household  contact  cases  occurring  after  index
cases.
Clinical  ﬁndingsNo.  (%)  Conﬁrmed  cases
162
Household
contacts
68
P-value
Fever 151(93.2)  62(91.2)  0.591
Cough  114(70.4)  55(80.9)  0.099
Sore  throat 48(29.6)  38(55.9)  <0.001
Rhinorrhea 38(23.5)  32(40.06)  <0.001
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Diarrhea 15(9.3)  
omiting  was  more  common  among  conﬁrmed  H1N1
ases (Tables  4  and  5).  We  found  no  signiﬁcant
ifference in  the  results  after  omitting  cases  that
ccurred  before  or  concomitant  with  index  cases
P =  0.022)  (Tables  3  and  5).
iscussion
n  the  present  study,  the  risk  of  secondary  cases
ccurring  among  household  contacts  was  13.9%,
hich  is  similar  to  the  value  reported  by  a study
onducted  in  the  USA  at  the  beginning  of  the  pan-
emic [4].  This  previous  study  was  the  source  from
hich we  adopted  the  period  of  7  days  prior  to
 days  after  the  index  case  as  the  period  of  intra-
amilial  transmission.
These two  studies  were  similar  with  regard  to
he methodology.  The  risk  reported  herein  is  lower
han that  (26%)  found  in  studies  based  on  RT-PCR
nalysis  of  throat  samples  [5,9].
Other  studies  have  revealed  rates  of  secondary
ases ranging  from  8%  up  to  33%  [10,11].  This  vari-
tion may  be  due  to  different  methodologies  and
ifferences  in  terms  of  house  crowding.  Sixty  per-
ent of  our  conﬁrmed  cases  had  been  admitted
o hospitals  during  the  ﬁrst  week  of  their  illness,
hich decreased  the  extent  of  respiratory  con-
act with  their  families.  Therefore,  the  attack  rate
ay have  been  underestimated.  A  serologic  sur-
ey showed  preexisting  antibodies  to  H1N1  among
s
D6(8.82)  0.042
2(2.94)  0.097
he  older  study  participants;  these  antibodies  were
arely detected  in  children  [12].  To  account  for
he period  when  inﬂuenza  is  contagious,  we  also
ncluded  those  who  have  had  acute  respiratory  ill-
ess 7  days  before  the  index  case  [4].
The  average  interval  between  the  onset  of  symp-
oms of  conﬁrmed  cases  and  the  onset  of  symptoms
n household  contacts  was  4.69  (0—15)  days.  This
nterval ranged  from  2.6  to  4  days  in  other  studies
3—6]. Intervals  longer  than  10  days  in  this  study
ere observed  in  families  with  ≥2  cases,  which
ay be  due  to  the  transmission  of  infections  from
 second  case  to  a third  case.
The age  distribution  of  conﬁrmed  cases  is  not
epresentative of  the  age  distribution  of  the  suscep-
ible population  because  conﬁrmation  was  limited
o selected  cases  (e.g.,  more  severe  cases  and  cases
dentiﬁed  during  the  initial  phase  of  the  outbreak).
herefore, secondary  cases  represent  the  age  dis-
ribution more  accurately.
In  the  present  study,  individuals  ≤18  years  old
ere among  the  age  group  most  strongly  affected
y acute  respiratory  illness  (P  =  0.01).  We  found  no
igniﬁcant  difference  in  the  results  after  omitting
ases  that  occurred  before  or  concomitant  with
ndex cases  (P  =  0.022).
Two other  studies  showed  that  children  younger
han 5 years  are  the  most  susceptible  [3,13].
One study  did  not  reveal  any  difference  in  theusceptibility of  individuals  as  related  to  age  [5].
ue to  immunity  acquired  during  the  previous
R[
[
[
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pandemic,  individuals  ≥51  years  old  were  the  least
susceptible  age  group.
The  difference  between  conﬁrmed  H1N1  cases
and their  household  contacts  regarding  the  occur-
rence of  sore  throat  and  rhinorrhea  may  be
attributed to  the  occurrence  of  some  cases
of seasonal  ﬂu  among  the  contacts;  we  did
not conﬁrmed  that  the  respiratory  illness  was
H1N1 inﬂuenza  in  the  household  contacts.  Vom-
iting was  observed  more  frequently  in  index
cases.
There are  some  limitations  of  the  present  study.
For example,  recall  bias  may  be  a  concern.  Some  of
the participants  had  not  been  informed  about  their
laboratory  results  until  we  called  them,  so  they  may
not have  paid  sufﬁcient  attention  to  isolation  pre-
cautions.
Our analysis  did  not  consider  some  impor-
tant effects  on  transmission,  including  isolation
circumstances and  treatment  with  anti-viral  pro-
phylaxis,  although  only  four  contact  cases  in
the present  study  had  received  anti-viral  pro-
phylaxis  (oseltamivir).  This  low  number  of  cases
should  not  have  had  a  confounding  effect.  Another
limitation was  the  lack  of  laboratory  conﬁrma-
tion. Some  of  the  contact  cases  might  have  had
seasonal  inﬂuenza  rather  than  H1N1  inﬂuenza;
however, some  of  the  symptomatic  patients  who
were not  considered  to  have  acute  respira-
tory illness  may  have  been  infected  with  H1N1
inﬂuenza.
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